Abstract While overall survival (OS) has historically been the primary endpoint for clinical trials in oncology, progression-free survival (PFS) has gained acceptance as a valuable surrogate endpoint. However, there are no known published reports about the value of PFS from the patient's perspective. We developed a questionnaire that included items regarding quality of life (QoL) and the importance of different treatment outcomes and presented hypothetical scenarios for which respondents were asked to indicate their preferences concerning treatments as they relate to PFS. 282 women with metastatic breast cancer (MBC), ranging in age from 21 to 80 years completed an online version of this questionnaire. The majority of women (66 %) had been diagnosed with MBC within the previous 3 years and 56 % had been told their MBC had progressed. When asked to rank five treatment characteristics from most important to least important, respondents ranked ''extending PFS'' as the second most important treatment outcome after OS. When presented with a hypothetical scenario of two women receiving different treatments, respondents preferred the treatment that resulted in longer PFS (16 vs. 12 months), even when OS and side effects were assumed to be equal. Specifically, when asked to consider which woman within the hypothetical scenario had better QoL, physical functioning, and emotional well-being, respondents more often chose the woman who experienced longer PFS (QoL: 40 vs. 6 %; physical functioning: 32 vs. 8 %; emotional well-being: 58 vs. 6 %) compared to the woman within the hypothetical scenario who had a shorter time of progression. Respondents rated their own QoL highest after being told their MBC was responding to treatment (mean score 76.6) versus after the initial diagnosis of breast cancer and MBC (68.5 and 60.3). These findings suggest that extending PFS is an important treatment outcome and, from a patient perspective, improves overall QoL, physical functioning, and emotional well-being.
Introduction
While overall survival (OS) is often the preferred endpoint measured in oncology trials, progression-free survival (PFS) has become more common as an endpoint of primary or secondary interest, in part because of the additional time needed to assess OS [1] [2] [3] [4] [5] [6] . While OS estimates can be impacted by post-progression treatment heterogeneity and crossover [7] , PFS provides a direct measure of treatment effect on the course of disease that is not susceptible to such bias. While PFS, from a clinician's perspective, measures the amount of time before the disease progresses, research regarding its value from a patient's perspective is limited. One recently published study reported that patients with renal cell carcinoma consider PFS to be an important outcome, and that they are willing to accept higher treatment-related risks to increase their PFS [8] . However, no published literature on the value of PFS from the perspective of patients with metastatic breast cancer (MBC) has been found.
The value of PFS can be difficult to quantify since many variables play a role in determining both OS and the quality of a patient's life during this period of time. However, measures of emotional well-being and quality of life (QoL) can help describe the value of PFS, and are common metrics in oncology studies [9] [10] [11] [12] [13] . While better QoL has been shown to be associated with longer OS for cancer patients [14, 15] , there are no published data describing the association of QoL or emotional well-being with PFS.
The goal was to conduct a multi-stage study in which we would first conduct concept elicitation interviews of patients with MBC, use the findings from this qualitative research to draft a questionnaire, pilot test the questionnaire to finalize it, and then implement the final questionnaire in a study. We sought to obtain data regarding the value of PFS in patients with MBC, to describe the gain in value from PFS, and to investigate how that value differed across relevant patient and clinical characteristics.
Methods

Study protocol and selection of participants
The study was conducted in three consecutive parts. Parts I and II involved the creation and pilot testing of a newly developed self-administered questionnaire, and then data were collected online from respondents with MBC during Part III. For all parts of the study, eligible patients were female, at least 18 years of age, with a clinical diagnosis of MBC, able to speak and read English and willing to sign an informed consent form. Patients eligible for Part III also had to be willing to self-administer the online questionnaire. The study was approved by a central institutional review board. Patients from the United States were recruited using internet advertisements for the study posted on websites devoted to breast cancer.
One-on-one in-depth interviews with women with MBC During Part I, one-on-one in-depth telephone interviews were conducted with 19 women with MBC to determine important issue areas related to PFS from a patient's perspective. While the diagnosis of MBC had significantly impacted all areas of QoL for those interviewed, the emotional impact (anxiety, depression, isolation, fear, feeling down, and uncertainty) was noted by all, but one, of the 19 women interviewed. Additionally, of the 8 whose disease had not progressed, 5 indicated that they would likely be more aggressive with their treatment if they were to learn their cancer had progressed. The vast majority of the 11 whose disease had progressed were more willing to accept side effects of more aggressive treatments (specific number not available). When asked about the most important ways metastatic cancer currently affects their lives, aspects such as being consumed with doctor appointments, managing side effects of treatment, limitations in ability to work or get around, and impact on family members as well as emotional aspects were often mentioned. Finally, the value placed on PFS varied and was clearly affected by many factors, including age and progression status. Nearly all of the progressed women felt they would be willing to explore a treatment option that would give them 4 months of PFS, whereas those in the non-progressed group provided mixed responses. Based on this information, a self-administered questionnaire was developed. The questionnaire was pre-tested in Part II with a subset of the women (8 of the 19) who took part in the Part I interviews. Minor modifications were made to the questionnaire, and a final version of the MBC-Progression (MBC-P) questionnaire was developed for use in Part III.
Overview of the MBC-P questionnaire
The final version of the MBC-P included items assessing overall health and well-being, cancer worry, and impact on patients' physical and emotional status (energy levels, social isolation, activity restrictions, limitations, etc.) as well as the hypothetical scenario regarding PFS. Many of the impact questions were presented in the form of agreement statements, and participants were asked to respond to each statement using a scale ranging from 1 (strongly agree) to 5 (strongly disagree). Examples of these statements include, ''I can live with side effects as long as treatment is working,'' and ''The length of time I have before my disease progresses is more important to me than the quality of my days.'' Several types of data were collected: respondents provided information on their own health and well-being; they reflected on QoL and wellbeing associated with their own treatment; and they offered their opinion regarding the experience of two women in a unique hypothetical scenario. Specifically, respondents were presented with a hypothetical scenario in which one woman (Woman A) receives treatment X for 1 year (12 months) before her cancer progresses, while another woman (Woman B) receives treatment Y for 1 year and 4 months (16 months) before her cancer progresses. Respondents were further told that OS and side effects were equivalent for the two women, and were then asked to consider which woman had higher overall QoL, physical functioning, and emotional well-being. The precise wording of the hypothetical scenario posed, as well as additional examples of items from the MBC-P, appear in Appendix. The MBC-P contained a total of 41 items and took approximately 15 min to complete. It was administered online between January and May of 2011. Completed online entries were thoroughly screened to ensure that multiple surveys from the same computer (IP address) were not included.
Statistical analysis
Statistical analysis was performed on data collected in Part III. Means, standard deviations, and ranges were calculated for continuous variables such as age and length of time since MBC diagnosis, as well as for survey items where patients provided ranked or rated responses. Frequencies and percentages were calculated for categorical data, and some measures were stratified by disease progression, age, or time since MBC diagnosis. Since these outcomes were exploratory in nature and intended to drive future hypotheses, only a few statistical comparisons were made using independent sample t tests, analysis of variance or v 2 tests. Differences were considered statistically significant at the 0.05 level. Otherwise, descriptive results, without testing for statistical differences, are presented. All analyses were performed using SPSS, version 19.0.
Results
Study population
A total of 547 people initiated the online survey for Part III. From this initial set of respondents, 265 were deemed ineligible for the following reasons: incomplete entries (n = 144), duplicate entry (n = 101), male (n = 7), did not provide consent (n = 5), or for other eligibility issues (n = 8). The remaining 282 women with MBC were deemed eligible and completed the online survey. Demographic and clinical information on these 282 patients is provided in Table 1 . The mean age of respondents was 50 years and ranged from 21 to 80 years of age. Respondents were primarily white (88 %), and the majority (90 %) had at least some college education. Nearly half of the participants (45 %) were first diagnosed with breast cancer more than 5 years ago, and roughly two-thirds (68 %) were first 
Hypothetical scenarios
When asked to consider QoL, physical functioning, and emotional well-being for two women in a hypothetical scenario, the large majority of respondents indicated either that these measures were the same for each woman or that Woman B's were superior to Woman A's. For QoL, 40 % of respondents felt that Woman B had higher QoL, 6 % felt that Woman A's QoL was higher, and 54 % felt they were the same (Table 3) . A similar pattern was seen for physical functioning: more respondents indicated that Woman B's physical functioning was better than Woman A's (31 vs. 8 %), while 60 % indicated that physical functioning was the same (Table 3) . Finally, the majority of respondents (58 %) reported that Woman B had better emotional well-being than Woman A (Table 3) , a finding that was observable regardless of progression status (among progressed: 57 %, not progressed: 59 %), age (\50: 58 %, 50?: 58 %) or time since progression (\1 year: 55 %, 1-3 years: 59 %,[3 years: 61 %).
Respondents who were diagnosed with MBC more recently (\1 year ago) were significantly more likely to perceive differences in the overall QoL for the two women (v 2 = 10.02; df = 4; p = 0.04) as compared to respondents diagnosed more than 1 year ago. In addition, respondents who were at least 50 years old (vs. those \50, v 2 = 9.94; df = 2; p = 0.007) and those with greater than 3 years since MBC diagnosis (vs. those \3 years, v 2 = 7.17; df = 2; p = 0.028) were more likely to rate the physical functioning the same for Woman A and Woman B. There were no significant differences in treatment preference by age or whether their disease had progressed.
When asked which treatment scenario (X or Y) they would prefer, the majority of respondents [63, 95 % CI (56.9, 68.2 %)] preferred Treatment Y (i.e., longer time before progression) over Treatment X. One-quarter [26, 95 % CI (21.0, 31.3 %)] were unsure of their preference, and 12 % [95 % CI (8.2, 15.7 %)] of respondents indicated they preferred the treatment with a shorter time to progression (p value \0.001).
Importance of treatment characteristics
When asked to rank five treatment characteristics from the most important (1) to the least important (5), respondents indicated 
QoL ratings
Patients rated their own QoL, physical functioning, and emotional well-being at different stages of their disease using a scale ranging from 0 to 100, with 0 being the worst and 100 the best. Table 4 shows that ratings of overall QoL were higher after the initial breast cancer diagnosis (68.5) than after MBC diagnosis (60.3) or when patients were told that their MBC had progressed (58.4, p value \0.001). The highest QoL ratings were after respondents were told that their MBC was responding to treatment (range 75.7-78.0). Ratings for overall QoL and physical functioning for each progression level were consistently higher than ratings for emotional well-being. Emotional well-being was higher after initial breast cancer diagnosis (60.4) than after MBC diagnosis (50.7) or MBC progression (50.5).
Respondents who were diagnosed with MBC [3 years ago reported significantly higher overall QoL (p = 0.032), physical functioning (p = 0.002), and emotional well-being (p = 0.027) after being told their MBC had progressed, compared to those who were diagnosed \3 years. When stratified by age, emotional well-being was significantly higher after the initial diagnosis for respondents [50 years old (p = 0.038) compared to those who were younger. Older respondents also reported significantly higher overall QoL (p = 0.001), physical functioning (p = 0.001), and emotional well-being (p = 0.027) compared to those\50 years of age, during the timeframe after being told their MBC had progressed. Finally, after being told that their MBC was responding to treatment, respondents [50 years of age reported higher overall QoL (p \ 0.001), physical functioning (p \ 0.001), and emotional well-being (p \ 0.001) than respondents\50 years of age.
Discussion
Findings from this study demonstrate several important aspects of the MBC population. First, it is clear that the perceived QoL of these patients is directly correlated with the status of their disease progression as well as whether they are responding to treatment. Age and the time since cancer diagnosis also appear to affect their perception of overall QoL. Women who were younger rated their QoL as lower, as did those who were more recently diagnosed, possibly indicating that patients who have lived with MBC for a longer period of time do not experience the drop in QoL that a newly diagnosed patient experiences. At the same time, patients strongly agreed with statements reflecting a positive emotional state, including ''I feel hopeful about the future'' and ''I enjoy every day to the fullest.'' This implies that while their emotional well-being may be affected by changes in their disease status (e.g., negatively by MBC progression or positively by response to treatment), in general these patients report experiencing a relatively high level of QoL. It is difficult to know how this compares to other MBC populations, as the literature on patients with MBC is limited. In terms of their own treatment, patients strongly agreed that they could ''live with side effects as long as the treatment is working'' and ''put some aspects of my life on hold.'' The fact that patients indicate a willingness to endure side effects and delay or eliminate aspects of their life for a treatment that ''is working'' (i.e., one that extends OS or PFS) demonstrates the relative value patients place on these outcomes. Accordingly, when asked to rate the relative importance of five characteristics of their cancer treatment, extending OS and PFS were rated as the first and second most important, on average. Both aspects were rated as being more important than decreasing tumor size or side effects, suggesting that patients are willing to endure some side effects to improve overall treatment outcomes.
When presented with a hypothetical scenario of two different treatments for two different women, the majority of respondents (63 %) preferred the treatment with a longer time before disease progression (16 vs. 12 months). This suggests that patients consider four additional months of PFS as an important difference, even when there is no difference in side effects or OS for the two treatments. While it is not clear why some patients (12 %) preferred the treatment with a shorter time before disease progression, it is possible that they did not consider all aspects of the scenario (i.e., that the treatments had similar side effect profiles) or did not fully understand the exercise. If it was due to a lack of understanding of the scenario or terminology of PFS, it has important implications for physicianpatient communication when it comes to decisions regarding treatment and outcomes. When asked about specific aspects of the hypothetical patients' experience, a majority of respondents (58 %) felt that the woman whose treatment had longer PFS had better emotional well-being. This is noteworthy considering the emotional impact MBC can have on patients, as mentioned above. While it is true that most respondents felt that overall QoL (54 %) and physical functioning (60 %) were the same for both women, 40 % felt that the woman with 4 months longer PFS had higher overall QoL and 31 % felt the woman had better physical functioning. However, patients diagnosed more than a year prior did not perceive this difference in QoL again possibly due to their own experiences with disease progression and its effect on QoL.
There are several limitations to our research that should be considered. While there are benefits in collecting data using an online survey, issues such as access and technology-related challenges can impede the ability to include a representative sample. Additionally, since women in our study were well enough to complete the questionnaire, they may have been in better general health than a typical patient with MBC. Respondents were asked to retrospectively rate their QoL during previous time periods, so it is possible that there may be some recall bias. Additionally, responses reflect the perceived impact on QoL. Information on treatment therapies (e.g., the type of chemotherapy agent) was not collected, nor was the type of breast cancer. Finally, the majority of the Part III sample was white (88 %) and all patients (per eligibility criteria) were English-speaking, again calling into question the generalizability of these results and limiting our ability to investigate potential differences across race categories.
Future research, including the development of scale scores to replace the individual item-level data as currently presented, would be worthwhile. Additionally, it would be of value to confirm these results in a larger, more diverse sample of women with MBC, and eventually in a prospective study. We also plan to investigate the value of PFS in different subtypes and clinical presentations of breast cancer.
Conclusions
This is the first study designed to understand the value women with MBC place on PFS. The MBC-P questionnaire was developed with input from women with MBC and shows promise in its ability to provide a subjective measure of the importance of PFS. Respondents in our study considered PFS an important aspect of treatment and associated an additional 4 months of PFS with better overall QoL, physical functioning, and emotional wellbeing. To our knowledge, this is the first study to demonstrate a correlation of PFS with patient-reported QoL.
-My health put stress on my relationships. Imagine the side effects from Treatment X and your survival are the same with both outcomes. Q: Which outcome would allow you to have better overall functioning at the end of Treatment X? Q: Which outcome would allow you to have better overall well-being at the end of Treatment X? Q: Which outcome would you prefer?
